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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to so- 
lenoid-operated fluid control valves for use in precision 
fluid flow regulation systems, for example of the type 
that require precise regulation of the rate of flow of a 
fluid, such as pneumatic or hydraulic regulation, and is 
particularly directed to the configuration of a new and 
improved solenoid-driven valve control structure, 
through which the output force and axial displacement 
imparted by the solenoid to a spring-biased valve control 
mechanism, and thereby fluid flow through an associat- 
ed fluid flow-regulating valve assembly, may be control- 
led so as to be proportional to the application of an elec- 
trical current to the solenoid. 

BACKGROUND OF THE INVENTION 

[0002] Precision fluid flow control devices, such as fu- 
el supply units for aerospace systems and oxygen/air 
metering units employed in hospitals, as non-limiting ex- 
amples, typically incorporate some form of solenoid-op- 
erated valve through which a desired proportional con- 
trol of fluid flow (in response to a solenoid energization 
current) is effected. In addition to the requirement that 
fluid flow be substantially proportional to the current ap- 
plied to the solenoid, it is also desired that hysteresis in 
the flow rate versus control current characteristic (which 
creates an undesirable dead band in the operation of 
the valve) be maintained within some minimum value. 
[0003] For this purpose, one customary practice has 
been to physically support the solenoid's moveable ar- 
mature within the bore of its surrounding drive coil by 
means of low friction bearings, such as Teflon rings. 
However, even with the use of such a material, the dead 
band current is still not insignificant (e.g. on the order of 
forty-five milliamps), which limits the degree of opera- 
tional precision of the valve and thereby its application. 
[0004] One proposal to deal with this physical contact- 
created hysteresis problem is to remove the armature 
support mechanism from within the bore of the solenoid 
coil (where the unwanted friction of the armature support 
bearings would be encountered) to an end portion of the 
coil, and to support the armature within the bore by way 
of a spring mechanism that is located outside of the so- 
lenoid coil. One example of such a valve configuration 
is found in the U.S. Patent to Everett, No. 4,463,332, 
issued July 31, 1984. 

[0005] Pursuant to this patented design, the valve is 
attached to one end of an armature assembly that is 
supported for axial movement within the cylindrical bore 
of the solenoid coil and to provide a permanent ring 
magnet surrounding the solenoid. One end of the sole- 
noid contains a ring and spring armature support as- 
sembly, which is located substantially outside the (high 
flux density) solenoid bore, and the position of which can 



be changed so as to adjust the axial magnetic flux gap 
within the bore and thereby the force applied to the 
valve. Disadvantageously, however, such a support 
structure requires a magnetic flux booster component, 
5 supplied in the patented design in the form of a perma- 
nent magnet. 

[0006] Thus, although the objective of the scheme de- 
scribed in the Everett patent is to adjust magnetic per- 
meance and maintain linearity in the operation of the 

10 valve to which the armature is attached, the configura- 
tions of both the overall solenoid structure and individual 
parts of the solenoid, particularly the ring spring arma- 
ture assembly (which itself is a complicated brazed part) 
and the use of a permanent booster magnet, are com- 

15 plex and not easily manufacturable using low cost ma- 
chining and assembly techniques, thereby resulting in 
a high price tag per unit. 

[0007] Another prior art configuration, described in 
the U.S. Patent to Nielsen, No. 4,635,683, locates the 

20 movable armature outside the bore by means of a plu- 
rality of spiral spring-shaped bearings, which support a 
solenoid bore-located movable return spring adjusting 
mechanism to which a movable armature is affixed. The 
support spring bearings are supported adjacent to op- 

25 posite ends of the solenoid structure. Unfortunately, this 
structure is costly to manufacture, as it not only places 
a complicated and movable return spring structure in the 
interior of the solenoid bore, but requires precision at- 
tachment of the spring bearings at multiple spaced apart 

so locations of the housing adjacent to opposite ends of the 
solenoid. 

[0008] U.S. Patent No. 5,010,312 describes a sole- 
noid actuator that includes a ferromagnetic armature 
body mounted for movement through a defined stroke 

35 in the direction of its central axis. A stator includes an 
electrical coil surrounding the axis of the armature, and 
a ferromagnetic stator body having a first portion axially 
opposed to the armature body and a second portion ra- 
dially surrounding and spaced from the armature body. 

40 a ferromagnetic ring is positioned on the armature body 
radially adjacent and opposed to the second portion of 
the stator body. The opposed surfaces that define the 
air gap between the armature ring and the stator body 
are of identical conical construction and overlap each 

45 other as viewed in the axial direction. 

[0009] My U.S. Patent No. 4,954,799 entitled: •Pro- 
portional Electropneumatic Solenoid-Controlled Valve," 
describes an improvement over the above designs em- 
ploying a linear motion proportional solenoid assembly, 

50 in which a moveable armature is supported within the 
bore of solenoid, so that it may be intimately coupled 
with its generated electromagnetic field (and thereby ob- 
viate the need for a permanent magnet as in the Everett 
design, referenced above), and in which the force im- 

55 parted to the movable armature is substantially con- 
stant, irrespective of the magnitude of an axial air gap 
between the armature and an adjacent magnetic pole 
piece. 
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[0010] My patented solenoid assembly comprises a 
generally cylindrical^ configured housing of magnetic 
material and containing a solenoid coil having a longi- 
tudinal coaxial bore. A fixed magnetic pole piece is in- 
serted into one end of the solenoid bore and a movable 
armature assembly of magnetic material is supported 
within the opposite end of the bore and magnetically 
coupled with the fixed pole piece. A radial gap is formed 
between a first circumferential portion of the movable 
armature and an interior cylindrical wall portion of the 
housing, and an axial gap is formed between one end 
of the movable armature assembly and the adjacent 
pole piece. 

[0011] Linear proportionality between armature dis- 
placement and applied coil current is effected by means 
of an auxiliary cylindrical pole piece region, located ad- 
jacent to the axial gap. The auxiliary cylindrical pole 
piece region is tapered so as to have a varying thickness 
in the axial direction, and serves to effectively 'shunt' a 
portion of the magnetic flux that normally passes across 
the axial gap between the armature assembly and the 
pole piece element to a path of low reluctance, which 
results in a 'linearizing 1 the force vs. air gap character- 
istic over a prescribed range of the axial air gap. 
[001 2] The movable armature is supported within the 
solenoid bore by means of a pair of thin, highly flexible 
annular cantilever-configured suspension spring mem- 
bers, which are respectively coupled to axially spaced 
apart portions of the movable armature. In one configu- 
ration, one spring is installed within the solenoid bore 
proper and the other is installed in a bore portion of the 
housing outside the solenoid bore. In another configu- 
ration, the spring can be installed outside the bore. 
[0013] The solenoid mechanism may be used to con- 
trol fluid flow by coupling the movable armature of the 
linearly proportional solenoid structure to a fluid valve 
assembly, such as one containing a chamber that is in 
fluid communication with an inlet port and an outlet port. 
A valve poppet may be attached to the armature assem- 
bly for controllably opening and closing off one end of a 
tube member that extends from the chamber to the out- 
let port in accordance with axial movement of the arma- 
ture assembly by the application of electric current to 
the solenoid coil. 

[001 4 J Now although my patented solenoid assembly 
enjoys precise linear operation (armature displacement/ 
force versus applied solenoid current), as a result of the 
tapered/shunt configuration of the armature/pole piece 
assembly and the thin, flexible, cantilevered suspension 
spring configuration (making it possible to support the 
armature substantially within the core portion of the coil 
winding, where the generated flux density is highest, 
and thereby removing the need of a permanent mag- 
net), it would be preferred to simplify the structure, so 
as to reduce manufacturing cost, without diminishing its 
high precision fluid flow control in linear proportion to 
solenoid excitation current. 



SUMMARY OF THE INVENTION 

[0015] The present invention provides a proportional 
solenoid assembly according to claims 1 and 2, respec- 
s tively and a solenoid-controlled valve assembly accord- 
ing to claim 12. 

[0016] In accordance with the present invention, this 
objective is successfully achieved by means of a re- 
duced mechanical complexity solenoid-driven valve 

10 control structure, in which a moveable, magnetic arma- 
ture of a proportional solenoid assembly is positioned 
adjacent to one end of a fixed pole piece protruding from 
a solenoid bore and is supported by means of a compact 
suspension spring arrangement adjacent to the one end 

is of the bore. The movable armature is configured to pro- 
vide two radial magnetic flux paths. One flux path 
traverses a fixed radial shunt gap at one end of fixed 
magnetic pole piece that is located in and protrudes from 
the one end of the solenoid bore. The other flux path 

20 traverses a variable geometry reluctance gap defined 
between a radially projecting, tapered rim portion of the 
armature and an inwardly projecting tapered portion of 
the solenoid assembly housing. 
[0017] The proportional solenoid assembly is me- 

25 chanically coupled with a valve unit for electrically con- 
trolling its operation, in particular the flow of fluid be- 
tween a fluid input port and a fluid exit port of the valve 
unit, in accordance with displacement of the movable 
armature along the solenoid assembly axis in proportion 

30 to current applied to the solenoid. The valve unit may 
be of the type employed in micro fluid flow control sys- 
tems, which require precise regulation of the rate of fluid 
flow in extremely reduced volume fluid flow applications. 
[0018] In accordance with a non-limiting configura- 

35 tion, the valve unit may comprise a base member having 
a longitudinal axis co-linear with a fluid input port into 
which fluid, the flow rate of which is to be regulated, is 
introduced, and a fluid exit port from which the fluid exits 
the valve unit. The input port of the base member opens 

40 into a first bore which terminates at a first side of an end 
wall; likewise, the output port opens into a second, gen- 
erally cylindrical, threaded bore which terminates at a 
second side of the end wall. This end wall is solid with 
a valve seat at a floor portion of a generally cylindrical 

45 cavity that extends to a prescribed depth into the base 
member. 

[0019] The valve seat is surrounded by and termi- 
nates a valve bore, which intersects the first bore, so as 
to provide a closeable fluid communication path be- 

50 tween the fluid input port and the base member's gen- 
erally cylindrical cavity. The valve seat is sized to be 
closed by a valve poppet, which is mechanically coupled 
to a movable armature, by means of an armature retain- 
er, such that the poppet moves in concert with the mov- 

55 able armature. A further bore extends from the bottom 
of the base member cavity and intersects the second 
threaded bore adjacent to the second side of the end 
wall, so as to provide a fluid communication path be- 
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tween the cavity and the fluid exit port. 
[0020] The valve unit further includes a generally hol- 
low, cup-shaped valve body member which is threaded 
into a cylindrical sidewall of the base member and forms 
therewith an interior fluid flow chamber. The valve body 
member has a generally disc-shaped end wall through 
which an axial bore is formed, so as to provide commu- 
nication with a recess on the opposite side of the disc- 
shaped end wall. An exterior sidewall portion of the 
valve body member receives an O-ring to provide a seal 
between the valve body member with the cylindrical 
base member. 

[0021] The armature retainer is configured to receive 
a first suspension spring-retaining, cylindrical spacer, 
and has a flat rim portion which extends radially out- 
wardly from a cylindrical wall portion. The armature re- 
tainer has a nose end which is threaded into a threaded 
axial bore of the magnetic armature. When so joined, 
the armature retainer and the movable armature capture 
interior radius portions of a pair of suspension springs, 
which adjoin and are mutually spaced apart by the spac- 
er, between the magnetic armature and the flat rim por- 
tion of the armature retainer. The suspension springs 
support the axially translatable armature outside of end 
of the solenoid bore from which the fixed pole piece pro- 
trudes. The armature-supporting suspension springs 
are captured in a cylindrical recess at an end portion of 
a magnetic housing, such that both the suspension 
springs and the translatable armature are outside (axi- 
ally displaced from the solenoid bore). This structural 
configuration of the invention reduces its mechanical 
complexity and facilitates assembly of its components 
compared to other proportional solenoid-controlled 
valve designs, such as those described above. 
[0022] The nose end of the armature retainer, in ad- 
dition to being externally threaded for attachment with 
the threaded bore of the movable armature, has a re- 
cess which receives a distal end of an armature-biasing 
axial pin that is captured within an axial bore of the shaft 
portion of a stationary, generally T-shaped magnetic 
pole piece. The armature-biasing axial pin provides an 
externally calibrated spring bias force to establish the 
amount of force required to translate the magnetic ar- 
mature and its attached poppet away from the valve- 
closing position. The T-shaped magnetic pole piece 
closes one end and is supported by the housing. 
[0023] To enable the armature and its suspension 
springs to be supported outside of the axial solenoid 
bore, the armature is configured to have a generally cy- 
lindrical shape, that includes a first, tubular body portion 
and a second, generally triangularly tapered, radially 
projecting rim portion, which surrounds and is solid with 
tubular body portion. The first tubular body portion has 
a threaded bore for receiving the nose portion of the ar- 
mature retainer, as described above. The radially pro- 
jecting, tapered rim portion of the movable armature ter- 
minates at a further tubular portion that has a cylindrical 
recess. This recess in the movable armature has an in- 



terior diameter that is slightly larger than that of a cylin- 
drical end of the longitudinal shaft portion of the fixed 
magnetic pole piece protruding beyond the one end of 
the solenoid bore, to allow relative axial translation be- 
5 tween the movable armature and the stationary magnet- 
ic pole piece (as the armature is axially translated in pro- 
portion to energization current applied to the solenoid 
winding). The further tubular portion of the armature pro- 
vides a substantially constant, low reluctance radial 

10 magnetic shunt path between the cylindrical end of the 
fixed pole piece and the armature, irrespective of the 
relative axial separation between the bottom of the ar- 
mature recess and the fixed pole piece. 
[0024] The tapered, radially projecting rim portion of 

is the movable armature is magnetically coupled with an 
associated tapered rim which projects inwardly from an 
interior ledge portion of the magnetic housing. Mutually 
opposing surfaces of the armature's tapered rim portion 
and the tapered rim portion of the housing create a var- 

20 yjng geometry air gap between the two, during axial 
translation of the movable armature in response to en- 
ergization current applied to the solenoid. This varying 
geometry air gap and the tapering thicknesses of the 
mutually opposed tapered rim portions of the magnetic 

25 armature and the housing cause the magnetic field char- 
acteristic between the armature and the housing to be- 
come saturated at each of the tapered rim portions. 
[0025] As a result, the force imparted by solenoid on 
the movable armature varies in proportion to the current 

30 applied to the solenoid winding, whereby displacement 
of the armature against the bias spring varies in propor- 
tion to current. Since armature displacement is propor- 
tional to solenoid current, fluid flow through the valve 
unit resulting from the displacement of the poppet in 

35 concert with the axial displacement of the armature is 
proportional to the current applied to the solenoid. 
[0026] The substantial reluctance provided by way of 
the axial air gap between the armature recess and the 
pole piece, the relatively small reluctance in the radial 

40 shunt path between the tubular portion of the armature 
and the end portion of the fixed pole piece, and the var- 
ying geometry gap between the tapered rim portions of 
the armature and housing effectively confine a major 
part of the magnetic flux through the armature in the ra- 

45 dial direction, so as to by-pass the axial air gap between 
the armature and the fixed pole piece. Since the air gaps 
are outside the bore of the solenoid assembly, the need 
for a non-magnetic spacer is eliminated. (Normally, such 
a non-magnetic spacer must be welded to magnetic el- 

50 ements, which requires precision fixtures in the manu- 
facturing process, in order to hold all of the non-mag- 
netic and magnetic elements in coaxial alignment.) 
[0027] The magnetic housing is welded to a lip portion 
of a generally hollow, cup-shaped valve body member. 

55 An annular recess is formed in the interior cylindrical 
wall of the housing adjacent its attachment to the valve 
body member. This recess captures a second spring- 
retaining, ferrule-shaped spacer and outer edge por- 
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tions of the pair of suspension springs. 
[0028] To facilitate assembly of the components and 
alignment of the fixed pole piece along the solenoid bore 
axis of the housing, a generally disc-shaped guide mem- 
ber is captured at an interior ledge portion of the nous- 5 
ing. The guide member is sealed by O-rings with the 
pole piece shaft and the housing. An upper end of the 
housing has an annular ridge upon which a generally 
disc-shaped end portion of the T-shaped pole piece is 
captured, so that the longitudinal shaft portion of the w 
fixed pole piece is coaxial with and passes through the 
aperture in the guide piece. The fixed T-shaped mag- 
netic pole piece and the housing form a generally longi- 
tudinal annular cavity, which accommodates the sole- 
noid winding. Electrical connection to the solenoid wind- 15 
ing is by way of leads which extend through an aperture 
in the disc-shaped end portion of the pole piece. 
[0029] To calibrate the solenoid actuator, an external- 
ly threaded cylindrical shaft member is threaded into the 
axial bore of the shaft portion of the pole piece. The shaft 20 
member has a nose portion which fits within a first end 
of a compression spring which has a second end cap- 
tured upon the nose portion of armature-biasing pin. The 
extent to which the shaft member is threaded into the 
axial bore of the pole piece establishes an axially direct- 25 
ed spring-bias against the magnetic armature and there- 
by a bias urged by the poppet against the valve seat. 
Once the shaft member has been rotated into the bore 
of the pole piece to establish the desired valve opening 
force, a lock nut may be tightened on an externally 30 
threaded end portion of the shaft member against the 
top surface of the disc-shaped pole piece, to prevent 
further rotation of shaft member. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 
[0030] 

Figure 1 is a longitudinal, cross-sectional diagram- 
matic illustration of a proportional solenoid-control- *o 
led fluid valve assembly embodying the present in- 
vention; 

Figure 2 is an enlarged view of a portion of Figure 1 ; 
Figure 3 is a cross-sectional view of a valve base 
member; 45 
Figure 4 is a cross-sectional view of a valve poppet; 
Figure 5 is a cross-sectional view of a cup-shaped 
valve body member; 

Figure 6 is a cross-sectional view of an armature 
retainer; so 
Figure 7 is a cross-sectional view of a translatable, 
magnetic armature; 

Figure 8 is a cross-sectional view of an interior, 
spring-retaining, ferrule-shaped spacer; 
Figure 9 is a plan view of a spiral-configured sus- ss 
pension spring; 

Figure 10 is a diagrammatic side view of an arma- 
ture-biasing axial pin; 



Figure 11 is a cross-sectional view of a generally T- 

shaped magnetic pole piece; 

Figure 12 is a cross-sectional view of a magnetic 

housing; 

Figure 13 is a cross-sectional view of a wide diam- 
eter spring-retaining, ferrule-shaped spacer; 
Figure 14 is a cross-sectional view of a generally 
disc-shaped guide member; and 
Figure 1 5 is a diagrammatic side view of an exter- 
nally threaded cylindrical shaft member. 

DETAILED DESCRIPTION 

[0031] Referring now to the drawings, Figure 1 is a 
longitudinal, cross-sectional diagrammatic illustration of 
a proportional solenoid-controlled fluid valve assembly 
embodying the present invention, Figure 2 is an en- 
larged view of a portion of Figure 1, and Figures 3-15 
are cross-sectional views of individual components. (In 
the description to follow, in order to avoid unnecessary 
cluttering of the drawings, Figures 1 and 2 are not la- 
belied with all of the reference numerals that are em- 
ployed in Figures 3-15, wherein individual components 
of Figure 1 are labelled in detail. Unless otherwise indi- 
cated, the cross-sectional illustrations of the Figures are 
assumed to be taken along a plane containing a cylin- 
drical axis of symmetry A.) 

[0032] As illustrated in the diagrammatic assembled 
view of Figure 1 , the proportional solenoid-controlled flu- 
id valve assembly of the present invention includes a 
valve unit 10 of non-magnetic material, such as stain- 
less steel, and a solenoid unit 20, comprised of magnetic 
material such as magnetic steel, which is mechanically 
coupled with valve unit 10 for electrically controlling its 
operation, and therefore the flow of fluid between a fluid 
input port 101 and a fluid exit port 103. 
[0033] The valve unit 1 0 comprises a generally cylin- 
drical base member 100 (shown in detail in Figure 3) 
having a longitudinal axis 102 that is co-linear with the 
fluid input port 1 01 into which fluid, the flow rate of which 
is to be regulated, is introduced at a first end 106 of the 
base member 1 00, and the fluid exit port 1 03 from which 
the fluid exits the valve unit 1 0. Fluid input port 101 and 
fluid exit port 103 may be internally threaded, as shown 
at 111 and 113, respectively, so that the valve unit 10 
may be installed between respective sections of fluid 
transporting conduit, not shown. 
[0034] Within cylindrical base member 100, the input 
port 1 01 opens into a first generally cylindrical bore 1 21 , 
which is bounded by a cylindrical sidewall 123 and a first 
side 1 25 of an interior end wall 1 27. Similarly, output port 
103 opens into a second, generally cylindrical bore 141 , 
which is bounded by cylindrical sidewall 142 and termi- 
nates at a second side 145 of interior end wall 127. In- 
terior end wall 127 is solid and terminates with a cylin- 
drical valve seat 129 at the bottom 130 of a generally 
cylindrical cavity 131, that extends from a first end 133 
to a prescribed depth 135 into the generally cylindrical 
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base member 100. Valve seat 129 terminates a cylindri- 
cal valve bore wall 128, having a generally cylindrical 
bore 126 which intersects bore 121 , so as to provide a 
closeable fluid communication path between fluid input 
port 101 and cavity 131. Valve seat 129 has a circular 
lip 1 32 that is sized to be closed by the terminal end 1 36 
of a valve poppet 140, shown in detail in Figure 4. An 
O-ring 148 may be captured in a circular recess 149 at 
the bottom, terminal end 136 of poppet 140. A generally 
cylindrical bore 1 51 extends from the bottom 1 30 of gen- 
erally cylindrical cavity 131 and intersects bore 141 ad- 
jacent to the second side 145 of interior end wall 127, 
thereby providing a fluid communication path between 
generally cylindrical cavity 131 and fluid exit port 103. 
[0035] The valve unit 10 further includes a generally 
hollow, cup-shaped valve body member 1 50, shown in 
detail in Figure 5 and which is configured to be threaded 
into the threaded cylindrical sidewall 124 of cylindrical 
base member 100, so as to define an interior fluid flow 
chamber 1 52, to which bores 1 26 and 1 51 extend. Valve 
body member 1 50 has a generally disc-shaped end wall 
1 54 having a stepped bore 1 56, which provides commu- 
nication with a generally cylindrical recess 1 58 on the 
opposite side of end wall 1 54. An exterior sidewall por- 
tion 1 53 of valve body member 1 50 has a circular recess 
155, which is sized to receive an O-ring 159, to provide 
a fluid-tight seal between valve body 150 and the cylin- 
drical base member 100, when the two are screwed to- 
gether. Stepped bore 1 56 is sized to accommodate axial 
translation of poppet 140, a threaded axial shaft portion 
147 of which is sized to engage a threaded axial bore 
1 61 of a generally cylindrically shaped armature retainer 
160, shown in detail in Figure 6. 
[0036] Armature retainer 1 60 is shown in detail in Fig- 
ure 6 as having an externally threaded nose end 1 62, 
which is sized to be threaded into the interior bore 172 
of a translatable, magnetic armature 170, shown in de- 
tail in Figure 7. Armature retainer 160 further includes a 
cylindrical wall portion 1 65, which is sized to receive a 
spring-retaining, ferrule-shaped spacer 1 80, an individ- 
ual one of which is shown in Figure 8) and a flat, rim 
portion 166, which extends radially from and is solid with 
cylindrical wall portion 165. By threading nose end 162 
of armature retainer 160 into the interior bore 172 of 
magnetic armature 1 70, first and second spiral-config- 
ured suspension springs 190 and 191 (shown in plan in 
Figure 9) adjoining and mutually spaced apart by spacer 
1 80, may be captured between a rear or lower face 1 71 
of magnetic armature 170 and a flat surface 167 of rim 
portion 1 66 of armature retainer 1 60. 
[0037] The nose end 1 62 of armature retainer 1 60 has 
a recess 1 64, which is sized to accommodate a distal 
end 211 of an armature-biasing axial pin 210, shown in 
Figure 10, which is located within an interior axial bore 
221 of a fixed or stationary, generally T-shaped magnet- 
ic pole piece 220, shown in Figure 1 1 , supported with a 
generally cylindrical magnetic housing 230, shown in 
Figure 12. As will be described, armature-biasing axial 



pin 210 provides an externally calibrated spring bias 
force along axis A against armature 1 70, so as to estab- 
lish the amount of force required to translate armature 
away from its valve-closing position. 

5 [0038] As shown in greater detail in Figure 7, magnet- 
ic armature 170 has a generally cylindrical shape, in- 
cluding a first, tubular body portion 173 through which 
threaded interior bore 1 72 passes, and a second, gen- 
erally triangularly tapered rim portion 174, which sur- 
ra rounds and is solid with tubular body portion 173. The 
tapered rim portion 174 of the magnetic armature 170 
terminates at a tubular portion 1 76, within which a cylin- 
drical recess 175 is formed. Recess 175 has an interior 
diameter that is slightly larger than that of an interior cy- 

15 lindrical end 222 of a longitudinal shaft portion 224 of 
fixed magnetic pole piece 220. The cylindrical end 222 
of longitudinal shaft portion 224 protrudes from the lower 
end 247 of a bore 245 of a solenoid coil 240. 
[0039] The slightly larger diameter of armature recess 

20 175 allows relative axial translation between armature 
170 and stationary magnetic pole piece 220, as the ar- 
mature 170 is axially translated in proportion to ener- 
gization current applied to solenoid coil 240, as will be 
described. Tubular portion 176 of magnetic armature 

25 1 70 provides a substantially constant, low reluctance ra- 
dial shunt gap 177 for radial lines of magnetic flux be- 
tween the cylindrical end 222 of fixed magnetic pole 
piece 220 and the armature 170, irrespective of the rel- 
ative axial separation 227 between the floor 1 79 of re- 

30 cess 175 and the end face 223 of pole piece 220. 
[0040] Because the armature-supporting suspension 
springs 1 90 and 1 91 are captured at the end portion 232 
of the housing 230, where a single weld joint 200 affixes 
the housing 230 to the valve body 1 50, both suspension 

35 springs 190 and 191 and the translatable magnetic ar- 
mature 170 supported thereby are outside (axially dis- 
placed from the lower end of the solenoid bore from 
which the stationary pole piece 220 protrudes). This re- 
duces the complexity of the solenoid actuator and facil- 

40 jtates assembly of its components (requiring only the 
single weld joint 200, as noted above) compared to other 
proportional solenoid-controlled valve designs, such as 
the solenoid actuator configuration detailed in the 
above-referenced Kumar Patent No. 4,954,799, in 

45 which assembly of the suspension spring-supported ar- 
mature employs multiple precision weld joints for the 
suspension structure within the solenoid bore. 
[0041 ] The tapered rim portion 1 74 of magnetic arma- 
ture 170 is arranged to be magnetically coupled with a 

50 tapered rim portion 231 that projects inwardly from an 
interior ledge portion 233 of housing 230. As shown in 
the enlarged partial view of Figure 2, the mutually op- 
posing surfaces 1 78 and 235, respectively, of the arma- 
ture's tapered rim portion 174 and the tapered rim por- 

55 tion 231 of housing 230, are tapered, so as to create a 
varying geometry air gap 236 between the tapered rim 
portion 174 of armature 170 and the tapered rim portion 
231 of housing 230, during relative axial translation be- 
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tween magnetic armature 170 and stationary magnetic 
pole piece 220, as the armature 1 70 is axiaity translated 
in response to energization current applied to a solenoid 
coil 240. 

[0042] Because of this varying geometry air gap 236, 
and the reduced, non-constant (tapering) thicknesses 
of the mutually opposed tapered rim portions 174 and 
231 of armature 170 and housing 230, respectively, the 
magnetic field characteristic between the armature and 
the housing becomes saturated at the tapered extrem- 
ities or edges of the tapered rim portions 174 and 231. 
As a consequence, displacement of armature 170 and 
associated fluid flow through valve unit 10, as estab- 
lished by the axial displacement of the poppet relative 
to valve seat 129 in concert with the displacement of 
armature 1 70 varies in proportion to the current applied 
to the solenoid coil 240. 

[0043] The substantial reluctance provided by way of 
the separation or axial air gap 227 between the bottom 
or floor 179 of armature recess 175 and the end face 
223 of pole piece 220, in combination with the relatively 
low reluctance in the radial direction (due to the shunt 
path gap 177 between tubular portion 176 of armature 
170 and the end portion 222 of pole piece 220, and the 
varying geometry gap 236 between the tapered rim por- 
tions 174 and 231) effectively confines magnetic flux in 
these regions, bypassing axial air gap 227. 
[0044] As noted briefly above, having the air gaps out- 
side the solenoid bore 245 obviates the need for a non- 
magnetic spacer, which is normally welded to magnetic 
elements and, in order to maintain all of the non-mag- 
netic and magnetic elements in coaxial alignment during 
the manufacturing process, normally entails the use of 
precision fixtures. 

[0045] As described, housing 230 has a first end por- 
tion 232 which is configured to engage and be attached 
to a lip portion 1 57 of generally hollow, cup-shaped valve 
body member 150. Attachment between the housing 
230 and the valve body member may be effected by 
means of an electron beam weld at a housing-to-valve 
body member joint region, shown at 200. Advanta- 
geously, because of the use of a fixed pole piece, and 
the configuration of the movable armature and the loca- 
tion of the suspension spring arrangement, such a weld 
attachment is the only such attachment required in the 
solenoid assembly of the present invention, which re- 
duces manufacturing complexity and cost. 
[0046] More particularly, housing 230 has a cylindrical 
recess 234 between its first end portion 232 and its ta- 
pered rim portion 231 . Recess 234 has a radius and ax- 
ial length sized to receive and capture a second spring- 
retaining, ferrule-shaped spacer 184, shown in Figure 
13, together with outer edge portions 193 and 194 of 
respective flat suspension springs 190 and 191 (as 
shown in Figures 1 , 2 and 9), between an upper surface 
237 of recess 234 just beneath tapered rim portion 232 
of housing 230 and a region 1 68 of lip portion 1 57 of 
cup-shaped valve body member 150. Namely, the diam- 



eter and axial length of recess 234 along the interior of 
the interior cylindrical wall of the housing 230 are such 
that both flat suspension springs 190 and 191 and their 
associated outer spacer 184 are securely captured in 
5 the recess 234, upon joining (e.g. welding) the first end 
portion 232 of the housing 230 to the lip portion 157 the 
valve body member 150. 

[0047] To facilitate assembly of the components and 
coaxial alignment of pole piece 220 along axis A, a gen- 
10 erally disc-shaped guide member 250, shown in Figure 

14, made of non-magnetic material, such as stainless 
steel, is sized to be captured at the upper surface 251 
of interior ledge portion 233 of housing 230. Surrounding 
a central aperture 254 through which pole piece 220 

15 passes, disc-shaped guide member 250 has a detent 
252, which is sized to receive an O-ring 260 for providing 
a seal against pole piece 220. Guide member also has 
an outer edge detent 256, which is sized to receive an 
O-ring 270 for providing a seal against housing 230, 

20 where its ledge portion 233 adjoins its interior cylindrical 
wall surface 238. 

[0048] An upper end 262 of housing 230 has an an- 
nular ridge 264, upon which a generally disc-shaped 
end portion 228 of T-shaped pole piece 220 is captured, 

25 so that the longitudinal shaft portion 224 of pole piece 
220 extends coaxial with axis A and passes through ap- 
erture 254 in guide piece 250, as described above. 
When pole piece 220 is so inserted, a generally longi- 
tudinal annular cavity 280 is provided between the shaft 

30 portion 224 of pole piece 220 and the interior cylindrical 
wall surface 238 of housing 230. This generally longitu- 
dinal annular cavity 280 receives a bobbin 290 upon 
which solenoid winding 240 is wound. Electrical connec- 
tion to solenoid coil 240 is provided by way of leads 242 

35 which extend through an aperture 244 in the disc- 
shaped end portion 228 of pole piece 220 for attachment 
to a current control source, not shown. 
[0049] In order to calibrate the solenoid actuator, 
namely, calibrate the amount of force required to axially 

to translate armature 1 70 along axis A, in a direction away 
from the valve unit 10, where poppet 140 is urged 
against and closes the valve seat 129, an externally 
threaded cylindrical shaft member 300, shown in Figure 

1 5, having a nose portion 302, is threaded into a thread- 
45 ed portion 229 of the axial bore 221 of the shaft portion 

224 of pole piece 220. As shown in Figure 1 , the nose 
portion 302 of shaft member 300 may have a circular 
recess 306, in which an O-ring 307 is captured, to seal 
the interior bore 221 of pole piece 220. 

so [0050] The nose portion 302 of shaft member is sized 
to fit within a first end 31 1 of a compression spring 310, 
which has a second end 312 captured upon the nose 
portion 212 of armature-biasing pin 210. The degree to 
which shaft member 300 is threaded into axial bore 221 

55 of pole piece 220 establishes an axially directed spring- 
bias against armature 170, and thereby against the 
valve seat 129 by poppet 140. A lock nut 320 may be 
threaded onto an externally threaded end portion 31 5 of 
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shaft member 300 and against a washer 317 at the top 
surface 269 of disc-shaped pole piece 220, so as to pre- 
vent further rotation of shaft member 300, once shaft 
member 300 has been rotated in bore 221 of pole piece 
220 to establish the desired valve opening force. 5 
[0051] In operation, with the solenoid actuator cali- 
brated by rotation of the shaft member 300 in the man- 
ner described above, fluid flow between fluid input port 
101 and fluid exit port 103 is established by controlling 
the displacement of the poppet 1 40 relative to valve seat 10 
129, in accordance with the energization of the solenoid 
winding 240. With a fluid supply coupled to input port 
101 , translating poppet 140 away from its closure posi- 
tion against valve seat 1 29 allows the fluid to enter fluid 
flow chamber 1 52 of valve body 1 50, and flow therefrom 15 
through bore 151 to outlet bore and fluid exit port 103. 
[0052] When the solenoid 1 40 is energized, the mag- 
netic flux of the resulting magnetic field follows a closed 
path through pole piece 220, translatable armature 170 
and housing 230. As described above, the magnetic flux 20 
path through armature 170 comprises two portions: 1 - 
the radial shunt path portion across the low reluctance 
gap 177 between the cylindrical wall portion of the cy- 
lindrical end 222 of the fixed magnetic pole piece 220 
and the tubular portion 1 76 of armature 1 70; and 2 - the 25 
varying geometry gap 236 between the (differentially) 
tapered, mutually opposing surfaces 178 and 235, re- 
spectively, of the tapered rim portion 174 of armature 
1 70 and the tapered rim portion 231 of housing 230. The 
substantial magnetic reluctance of axial air gap 227 be- 30 
tween the bottom 179 of armature recess 175 and the 
end face 223 of pole piece 220, does not effectively con- 
tribute to the flux path. 

[0053] As pointed out above, the combination of the 
varying geometry air gap 236 and the reduced, non-con- 35 
stant (tapering) thicknesses of the mutually opposed ta- 
pered rim portions 174 and 231 of armature 170 and 
housing 230, respectively, cause the magnetic field 
characteristic between the armature 170 and the hous- 
ing 230 to become saturated within the tapered edges *o 
of the tapered rim portions 1 74 and 231 . This magnetic 
field characteristic causes the axial displacement of ar- 
mature 170 and therefore poppet 140, which establish- 
es fluid flow through valve unit 10, to be proportional to 
the energization current applied to the solenoid winding 45 
240. 

[0054] Thus, through a combination of reduced com- 
plexity components, including a uniquely configured 
moveable, magnetic armature that provides two radial 
magnetic flux paths - one which traverses a fixed radial so 
shunt gap at one end of the fixed magnetic pole piece 
and the other which traverses a variable geometry re- 
luctance gap defined between a radially projecting, ta- 
pered rim portion of the armature and an inwardly pro- 
jecting tapered portion of the solenoid assembly hous- 55 
ing, and a compact suspension spring arrangement ad- 
jacent to the one end of the bore, the present invention 
is able to satisfy the objective of reducing manufacturing 



complexity and cost of a proportional solenoid-control- 
led valve assembly of the type described in my above- 
referenced patent, without diminishing its high precision 
fluid flow control in proportion to solenoid excitation cur- 
rent. 

[0055] As noted above, the varying geometry air gap 
and the reduced, non-constant (tapering) thicknesses 
of the mutually opposed tapered rim portions of the ar- 
mature and the housing causes the magnetic field char- 
acteristic between the armature and the housing to be- 
come saturated at the tapered extremities of the tapered 
rim portions, whereby fluid flow through the valve unit 
as established by the axial displacement of the poppet 
relative to the valve seat in concert with displacement 
of armature varies in proportion to the current applied to 
the solenoid coil. 

[0056] While I have shown and described an embod- 
iment in accordance with the present invention, it is to 
be understood that the same is not limited thereto but is 
susceptible to numerous changes and modifications as 
known to a person skilled in the art, and I therefore do 
not wish to be limited to the details shown and described 
herein but intend to cover all such changes and modifi- 
cations as are obvious to one of ordinary skill in the art. 



Claims 

1. A proportional solenoid assembly comprising: 

a housing (230) containing magnetic material 
and supporting a solenoid (240) having a bore 
(245) and being operative to produce a mag- 
netic field in response to the application of an 
electrical current thereto, and including a pro- 
jection (231 ) toward an interior of said housing; 

a magnetic pole piece (220) disposed within 
and protruding from an end of said solenoid 
bore (245); and 

a movable magnetic armature (170) supported 
outside said end of said solenoid bore (245), 
being translatable relative to said magnetic 
pole piece (220) and having a body portion 
(173) magnetically coupled by way of a low 
magnetic reluctance radial gap (177) with said 
magnetic pole piece (220) , said movable mag- 
netic armature (170) including a radial rim (1 74) 
which projects from said body portion toward 
and is magnetically coupled with said projection 
of said housing (230), said radial rim (174) of 
said movable armature (170) and said projec- 
tion of said housing (230) being configured 
such that relative axial movement between said 
movable armature (170) and said magnetic 
pole piece (220) causes a variation in the ge- 
ometry of a variable geometry gap (236) be- 
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tween said radial rim (174) of said movable ar- 
mature (170) and said projection (231) of said 
housing (230); and wherein 

said movable armature (170) is spaced apart from 
an end of said magnetic pole piece (220) by an axial 
gap (227) that is sufficiently large as to effectively 
prevent an axial magnetic flux path between said 
movable armature (170) and said pole piece (220) 
and to confine magnetic flux between said movable 
armature (1 70) and said pole piece (220) in said ra- 
dial magnetic flux shunt path and in said variable 
geometry gap (236) between said radial rim (174) 
of said movable armature (170) and said projection 
of said housing (230). 

2. A proportional solenoid assembly comprising: 

a magnetic housing (230) supporting a solenoid 
(240) having a bore (245), and being operative 
to produce a magnetic field in response to ap- 
plication of a current thereto, and including a 
radial projection (231 ) toward an interior of said 
housing (230); 

a magnetic pole piece (220) fixed within and 
protruding from an end of said solenoid bore 
(245); and 

a movable, magnetic armature (170) positioned 
adjacent to one end of said fixed magnetic pole 
piece (220) protruding from said solenoid bore 
(245) and being supported by a suspension 
spring (1 90, 1 91 ) arrangement adjacent to said 
one end of said fixed magnetic pole piece (220) 
for axial movement relative to said fixed mag- 
netic pole piece (220), said movable armature 
(170) being configured to provide a first low re- 
luctance radial magnetic flux path, which 
traverses a fixed radial shunt gap (177) at said 
one end of said fixed magnetic pole piece (220), 
and having a radial rim (174), which provides a 
second magnetic flux path traversing a variable 
geometry reluctance gap (236) defined be- 
tween said radial rim (174) projecting from said 
armature (170) and said radial projection (231) 
of said housing (230); and wherein 

said movable, magnetic armature (170) is axially 
spaced apart from said one end of said magnetic 
pole piece (220) by an axial gap (227) that is suffi- 
ciently large as to effectively prevent an axial mag- 
netic flux path between said movable armature 
(170) and said pole piece (220) and to confine mag- 
netic flux between said movable armature (1 70) and 
said pole piece (220) in said first radial magnetic 
flux shunt path and in said second variable geom- 
etry gap (236) between said radial rim (174) of said 



movable armature (170) and said projection of said 
housing (230). 

3. A proportional solenoid assembly according to 
5 claim 1 or 2, wherein said body portion (1 73) of said 
movable armature (170) has a recess (175) which 
is sized to accommodate said magnetic pole piece 
(220). 

10 4. A proportional solenoid assembly according to one 
of the preceding claims, wherein said radial rim 
(174) of said movable armature (170) has a first ta- 
pered surface which projects toward and is magnet- 
ically coupled with a second tapered surface of said 

15 projection (231 ) of said housing (230), such that rel- 
ative axial translation between said movable arma- 
ture (170) and said magnetic pole piece (220) caus- 
es a variation in the spacing of said first and second 
tapered surfaces between said radial rim (174) of 

20 said movable armature (170) and said projection 
(231) of said housing (230). 

5. A proportional solenoid assembly according to one 
of the preceding claims, wherein said axial gap 

25 (227) is provided between said movable armature 
(170) and said magnetic pole piece (220) exclusive 
of said solenoid bore (245) and said movable arma- 
ture (170) is supported for axial translation relative 
to said magnetic pole piece (220) by means of a flat 

30 suspension spring (190, 1 91 ) arrangement mount- 
ed in said housing (230) at a location outside said 
and of said solenoid bore (245). 

6. A proportional solenoid assembly according to one 
35 of the preceding claims, wherein said tapered radial 

rim (174) of said magnetic armature (170) termi- 
nates at a surface of said body portion of said mag- 
netic armature (170) within which a recess (175) is 
formed, said recess (175) having an interior diam- 
40 eter larger than that of said end of said magnetic 
pole piece (220). 

7. A proportional solenoid assembly according to one 
of the preceding claims, further including an arma- 

45 ture retainer (160) which is attached to said mag- 
netic armature (170) and which, in cooperation with 
said armature (170) captures an interior region of 
said suspension spring (190, 191) arrangement. 

so 8. A proportional solenoid assembly according to 
claim 7, wherein said flat suspension spring (190, 
191 ) arrangement comprises a pair of spaced apart 
flat suspension springs (190, 191) supported by 
said housing (230) at a location outside of and ad- 

55 jacent to an end of said solenoid bore (245), from 
which said pole piece (220) protrudes. 

9. A proportional solenoid assembly according to one 
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of the preceding claims, wherein said movable ar- 
mature (170) is configured such that when said so- 
lenoid (240) is energized, magnetic flux of the re- 
sulting magnetic field follows a closed path through 
said pole piece (220), said movable armature (170) 
and said housing (230), and includes a radial shunt 
path across said low magnetic reluctance radial gap 
(177) between said magnetic pole piece (220) and 
said movable armature (1 70), and said variable ge- 
ometry magnetic flux gap (236) between mutually 
opposing surfaces of said tapered radial rim (174) 
of said armature (170) and said tapered projection 
(231) of said housing (230). 

10. A proportional solenoid assembly according to one 
of the preceding claims, wherein said housing (230) 
has a first end portion which includes a recess (234) 
adjacent thereto, said recess (234) being config- 
ured to receive and capture said flat suspension 
spring (190, 191) arrangement. 

11. A proportional solenoid assembly according to one 
of claims 4-10, wherein said first tapered surface of 
said rim (174) portion of said movable armature 
(1 70) has a first slope that is different from a second 
slope of said second tapered surface of said projec- 
tion (231) portion of said housing (230). 

12. A solenoid-controlled valve assembly comprising: 

a proportional solenoid assembly according to 
one of the preceding claims; and 

a valve unit (10), mechanically coupled with the 
movable armature (170) of said proportional 
solenoid assembly and being operative to reg- 
ulate fluid flow between a fluid input port (101) 
and a fluid exit port (103). 

13. A solenoid-controlled valve assembly according to 
claim 12, wherein saicj valve unit (10) comprises a 
base member having a fluid cavity (131) coupled in 
fluid communication with said fluid input and fluid 
exit ports (101, 103) and containing a valve seat 
(129), which is closed by a valve poppet (140) that 
is coupled with said magnetic armature (170). 

14. A solenoid-controlled valve assembly according to 
claim 12 or 13, further including an armature-bias- 
ing axial pin (210) which is captured within an inte- 
rior axial bore (221) of said magnetic pole piece 
(220) and imparts a bias force to establish the 
amount of force required to translate said armature 
(170) away from a valve-closing position. 

15. A solenoid-controlled valve assembly according to 
claim 12, 13 or 14 wherein said magnetic armature 
(170) has a generally cylindrical shape, including a 



first body portion (173) through which a threaded 
interior bore (172) passes, and a second tapered 
rim portion (174) which surrounds and is solid with 
said body portion (173), said tapered rim portion 

5 (174) of said magnetic armature (170) terminating 
at a body (176) within which a recess (175) is 
formed, said recess (175) having an interior diam- 
eter that is slightly larger than that of an end (222) 
of said magnetic pole piece (220) which protrudes 

10 from said solenoid bore (245). 

16. A solenoid-controlled valve assembly according to 
claim 12, 13, 14, or 15, wherein said rim portion 
(174) of said armature (170) projecting from said 
15 body portion (1 73) and said projection portion (231 ) 
of said housing (230) are configured such that dis- 
placement of said armature (1 70) as a result of the 
application of energization current to said solenoid 
(240) causes fluid flow through said valve unit (10) 
20 to vary in proportion to said energization current. 



Patentanspruche 

25 1. Proportionate Magnetspulenanordnung, umfas- 
send: 

ein Gehause (230), das magnetischen Werk- 
stoff enthalt und eine Magnetspule (240) tragt, 

30 die eine Bohrung (245) aufweist und dazu 

dient, urn in Abhangigkeit von einem der Ma- 
gnetspule eingespeisten elektrischen Strom 
ein magnetisches Feld zu erzeugen, und das 
einen sich in einen Innenraum des Gehauses 

35 erstreckenden Vorsprung (231 ) aufweist; 

einen innerhalb der Magnetspulenbohrung 
(245) angeordneten und aus einem Ende der 
Magnetspulenbohrung (245) hervorragenden 
40 Magnetspulenpol (220); und 

einen auBerhalb des Endes der Magnetspulen- 
bohrung (245) getagerten, beweglichen, ma- 
gnetischen Anker (170), der sich in Bezug auf 

45 den Magnetspulenpol (220) umsetzen laBt und 

einen Grundkorperabschnitt (173) aufweist, 
der mit dem Magnetspulenpol (220) uber einen 
radialen Spalt (177) mit geringem magneti- 
schen Widerstand magnetisch gekoppelt ist, 

50 wobei der bewegliche magnetische Anker 

(170) einen radialen Rand (174) aufweist, der 
aus dem Grundkorperabschnitt in Richtung des 
Vorsprungs des Gehauses (230) hervorragt 
und mit jenem magnetisch gekoppelt ist, der ra- 

55 diale Rand (174) des beweglichen Ankers 

(170) und der Vorsprung des Gehauses (230) 
geeignet konfiguriert sind, so daf3 eine axiale 
Relativbewegung zwischen dem beweglichen 
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Anker (170) und dem Magnetspulenpol (220) 
eine Veranderung der Geometrie eines geome- 
trisch variablen Spaltes (236) zwischen dem ra- 
dialen Rand (174) des beweglichen Ankers 
(1 70) und dem Vorsprung (231 ) des Gehauses 5 
(230) herbeifuhrt; und bei dem 

der bewegliche Anker (170) von einem Ende 
des Magnetspulenpols (220) durch einen axia- 
len Spalt (227) beabstandet ist, der ausrei- io 
chend groB ist, urn einen axialen Pfad des ma- 
gnetischen Flusses zwischen dem bewegli- 
chen Anker (170) und dem Spulenpol (220) 
wirksam zu verhindern und den magnetischen 
FluB zwischen dem beweglichen Anker (170) is 
und dem Spulenpol (220) in den radialen ma- 
gnetischen NebenschluBpfad und in den geo- 
metrisch variablen Spalt (236) zwischen dem 
radialen Rand (174) des beweglichen Ankers 
(1 70) und dem Vorsprung des Gehauses (230) 20 
zu kanalisieren. 

Proportionate Magnetspulenanordnung, umfas- 
send: 

25 

ein magnetisches Gehause (230), das eine mit 
einer Bohrung (245) versehene Magnetspule 
(240) tragt, die dazu dient, in Abhangigkeit von 
einem elektrischen Strom, der in diese einge- 
speist wird, ein magnetisches Feld zu erzeu- 30 
gen, und einen in einen Innenraum des Gehau- 
ses (230) ragenden Vorsprung (231) aufweist; 

einen innerhalb der Magnetspulenbohrung 
(245) befestigten und aus einem Ende der Ma- 35 
gnetspulenbohrung (245) herausragenden Ma- 
gnetspulenpol (220); und 

einen beweglichen, magnetischen Anker (1 70), 
der benachbart zu einem Ende des f eststehen- *o 
den Magnetspulenpols (220) angeordnet ist, 
der aus der Magnetspulenbohrung (245) her- 
ausragt und durch eine zu dem einen Ende des 
feststehenden Magnetspulenpols (220) be- 
nachbarte Tragfedereinrichtung (1 90, 1 91 ) ge- 45 
tragen wird, urn in der Lage zu sein, eine axiale 
Bewegung bezuglich des feststehenden Ma- 
gnetspulenpols (220) auszufuhren, wobei der 
bewegliche Anker (170) 

50 

geeignet konf iguriert ist, urn einen ersten radia- 
len MagnetfluBpfad mit geringem magneti- 
schen Widerstand vorzusehen, der uber einen 
unveranderlichen radialen NebenschluBspalt 
(177) an dem einen Ende des feststehenden 55 
Magnetspulenpols (220) verlauft und einen ra- 
dialen Rand (174) aufweist, der einen zweiten 
Pfad fur den magnetischen FluB bereitstellt, der 



uber einen geometrisch variablen Reluktanz- 
spalt (236) verlauft, der zwischen dem aus dem 
Anker (170) sich erstreckenden radialen Rand 
(174) und dem radialen Vorsprung (231) des 
Gehauses (230) definiert ist; und bei dem 

der bewegliche magnetische Anker (170) von 
dem besagten einen Ende des Magnetspulen- 
pols (220) durch einen axialen Spalt (227) axial 
beabstandet ist, der ausreichend groB ist, urn 
einen axialen Pfad des magnetischen Flusses 
zwischen dem beweglichen Anker (170) und 
dem Spulenpol (220) wirksam zu verhindern 
und den magnetischen FluB zwischen dem be- 
weglichen Anker (170) und dem Spulenpol 
(220) in den ersten radialen NebenschluBpfad 
des magnetischen Flusses und in den zweiten 
geometrisch variablen Spalt (236) zwischen 
dem radialen Rand (174) des beweglichen An- 
kers (170) und dem Vorsprung des Gehauses 
(230) zu kanalisieren. 

3. Proportionate Magnetspulenanordnung nach An- 
spruch 1 oder 2, bei welcher der Grundkorperab- 
schnitt (173) des beweglichen Ankers (170) eine 
Ausnehmung (175) aufweist, die geeignet dimen- 
sioniert ist, urn den Magnetspulenpol (220) aufzu- 
nehmen. 

4. Proportionate Magnetspulenanordnung nach ei- 
nem der vorausgehenden Anspruche, bei welcher 
der radiate Rand (174) des beweglichen Ankers 
(1 70) eine erste kegelformig zulaufende Flache auf- 
weist, die in Richtung einer zweiten kegelformig zu- 
laufenden Flache des Vorsprungs (231) des Ge- 
hauses (230) ragt und mit dieser magnetisch ge- 
koppelt ist, so daB eine axiale Relativbewegung 
zwischen dem beweglichen Anker (1 70) und dem 
Magnetspulenpol (220) eine Veranderung des Ab- 
stands der ersten und zweiten kegelformig zulau- 
fenden FlSchen zwischen dem radialen Rand (174) 
des beweglichen Ankers (170) und dem Vorsprung 
(231) des Gehauses (230) herbeifuhrt. 

5. Proportionate Magnetspulenanordnung nach ei- 
nem der vorausgehenden Anspruche, bei welcher 
der axiale Spalt (227) zwischen dem beweglichen 
Anker (170) und dem Magnetspulenpol (220) au- 
Berhalb der Magnetspulenbohrung (245) vorgese- 
hen ist und der bewegliche Anker (170) geeignet 
gelagert ist, urn mittets einer flachen Tragfederein- 
richtung (190, 191), die in dem Gehause (230) an 
einer Stelle der Magnetspulenbohrung (245) und 
auBerhalb von dieser angebracht ist, eine axiale 
Bewegung bezuglich des Magnetspulenpols (220) 
auszufuhren. 

6. Proportionate Magnetspulenanordnung nach ei- 
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nem der vorausgehenden Anspruche, bei welcher 
der kegelformig zulaufende radiate Rand (174) des 
magnetischen Ankers (170) an einer Flache des 
Grundkdrperabschnitts des magnetischen Ankers 
(170) endet, in dem eine Ausnehmung (175) aus- 5 
gebildet ist, wobei diese Ausnehmung (175) mit ei- 
nem Innendurchmesser bemessen ist, der groBer 
ist als derjenige des Endes des Magnetspulenpols 
(220). 

10 

7. Proportionate Magnetspulenanordnung nach ei- 
nem der vorausgehenden Anspruche, die weiterhin 
einen an dem magnetischen Anker (170) befestig- 
ten Ankerhalter (1 60) aufweist, der in Zusammen- 
wirken mit dem Anker (1 70) einen inneren Bereich is 
der Tragfedereinrichtung (190, 1 91 ) f estsetzt. 

8. Proportionate Magnetspulenanordnung nach An- 
spruch 7, bei welcher die flache Tragfederanord- 
nung (190, 191)einPaarvoneinanderbeabstande- 20 
te flache Tragfedern (190, 191) enthalt, die durch 
das Gehause (230) an einer Stelle auBerhalb eines 
Endes der Magnetspulenbohrung (245) und be- 
nachbart zu diesem getragen werden, aus dem der 
Spulenpol (220) herausragt 25 

9. Proportionate Magnetspulenanordnung nach ei- 
nem der vorausgehenden Anspruche, bei welcher 
der bewegliche Anker (170) geeignet konfiguriert 

ist, so daB, im Falle einer Erregung der Magnetspu- 30 
le (240), der magnetische FluB des resultierenden 
Magnetfelds langs eines geschiossenen Pfades 
durch den Spulenpol (220), den beweglichen Anker 
(170) und das Gehause (230) verlauft und einen ra- 
dialen NebenschluBpfad, der uber den zwischen 35 
dem Magnetspulenpol (220) und dem beweglichen 
Anker (170) angeordneten radialen Spalt (177) mit 
geringem magnetischen Widerstand verlauft, und 
den geometrisch variablen MagnetfluBspalt (236) 
zwischen einander gegenuberliegenden Flachen *o 
des kegelformig zulaufenden radialen Rands (174) 
des Ankers (170) und des kegelformig zulaufenden 
Vorsprungs (231) des Gehauses (230) einbezieht. 

10. Proportionate Magnetspulenanordnung nach ei- 45 
nem der vorausgehenden Anspruche, bei welcher 
das Gehause (230) einen ersten Endabschnitt mit 
einer dazu benachbarten Ausnehmung (234) auf- 
weist, wobei diese Ausnehmung (234) geeignet 
konfiguriert ist, um die aus den flachen.Tragfedern so 
(190, 191) aufgebaute Anordnung aufzunehmen 
und festzusetzen. 

11. Proportionate Magnetspulenanordnung nach ei- 
nem der Anspruche 4-1 0, bei welcher die erste ke- 55 
gelformig zulaufende Flache des Randabschnitts 
(174) des beweglichen Ankers (170) einen ersten 
Neigungswinkel aufweist, der sich von einem zwei- 



ten Neigungswinkel der zweiten kegelformig zulau- 
fenden Flache des Vorsprungsabschnitts (231) des 
Gehauses (230) unterscheidet. 

12. Elektromagnetisch betriebene Ventilvorrichtung, 
umfassend: 

eine proportionate Magnetspulenanordnung 
nach einem der vorausgehenden Anspruche; 
und 

eine Ventileinheit (10), die mechanisch mit dem 
beweglichen Anker (170) der proportionalen 
Magnetspulenanordnung gekoppelt ist und da- 
zu dient, einen Fluidstrom zwischen einem 
FluideinlaBkanal (101) und einem 
FluidauslaBkanal (103) zu regulieren. 

13. Elektromagnetisch betriebene Ventilvorrichtung 
nach Anspruch 1 2, bei welcher die Ventileinheit ( 1 0) 
ein Grundelement mit einem Fluidhohlraum (131) 
aufweist, der in stromungsmaBiger Verbindung mit 
den FluideinlaB- und FluidauslaBkanalen (101, 
103) steht und einen Ventilsitz (129) enthalt, der 
durch einen mit dem magnetischen Anker (170) ge- 
koppelten Ventilteller (140) geschlossen wird. 

14. Elektromagnetisch betriebene Ventilvorrichtung 
nach Anspruch 12 oder 13, zu der weiterhin ein An- 
kervorspannaxialzapfen (21 0) gehort, der innerhalb 
einer inneren axialen Bohrung (221 ) des Magnet- 
spulenpols (220) festgesetzt ist und eine Vorspann- 
kraft ausubt, um die Kraft zur Verfugung zu stellen, 
die erforderlich ist, um den Anker (170) aus einer 
SchlieBstellung des Ventils umzusetzen. 

15. Elektromagnetisch betriebene Ventilvorrichtung 
nach Anspruch 12, 13 Oder 14, bei welcher der ma- 
gnetische Anker (170) im Wesentlichen zylindrisch 
ausgebildet ist mit einem ersten Grundkorperab- 
schnitt (173), durch den eine mit Gewinde versehe- 
ne, innere Bohrung (172) verlauft, und einem zwei- 
ten, kegelformig zulaufenden Randabschnitt (174), 
der den Grundkorperabschnitt (1 73) umgibt und mit 
diesem einstuckig ist, wobei der kegelformig zulau- 
fende Randabschnitt (174) des magnetischen An- 
kers (170) an einem Grundkorper (176) endet, in 
dem eine Ausnehmung (175) ausgebildet ist, wobei 
die Ausnehmung (175) mit einem Innendurchmes- 
ser bemessen ist, der geringfugig groBer ist als der 
Durchmesser eines Endes (222) des Magnetspu- 
lenpols (220), das aus der Magnetspulenbohrung 
(245) herausragt. 

16. Elektromagnetisch betriebene Ventilvorrichtung 
nach Anspruch 12,13,14, oder 1 5, bei welcher der 
aus dem Grundkorperabschnitt (173) herausragen- 
de Randabschnitt (174) des Ankers (170) und der 
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Vorsprungsabschnitt (231 ) des Gehauses (230) ge- 
eignet konf iguriert sind, so daB . eine Verschiebung 
des Ankers (170), die durch einen in die Magnet- 
spule (240) eingespeisten Erregerstrom hervorge- 
rufen wird, bewirkt, daB sich ein durch die Ventilein- 5 
heit (10) stromender Fluidstrom proportional zu 
dem Erregerstrom andert. 



Revendications 10 

1. Assemblage de solenoide proportionnel 
comprenant : 

un boTtier (230) contenant un materiau magne- is 
tique et supportant un solenoide (240) ayant 
une ame (245) et pouvant produire un champ 
magnetique en reponse a I'application sur lui- 
meme d'un courant electrique, et comprenant 
une protuberance (231) vers I'interieur dudit 20 
boitier ; 

un fragment a pole magnetique (220) dispose 
a I'interieur et ressortant d'une extremite de la- 
dite ame du solenoide (245) ; et 
une armature magnetique mobile (1 70) suppor- 25 
tee a I'exterieur de ladite extremite de ladite 
ame du solenoide (245), etant mobile en trans- 
lation par rapport audit fragment a pole magne- 
tique (220) et presentant une partie de corps 
( 1 73) couplee magnetiquement au moyen d'un 30 
espace radial a faible reluctance magnetique 
(177) avec ledit fragment a pole magnetique 
(220), ladite armature magnetique mobile (1 70) 
comprenant un anneau radial (174) qui se pro- 
jette depuis ladite partie de corps et est couplee 35 
magnetiquement a ladite protuberance dudit 
boitier (230), ledit anneau radial (174) de ladite 
armature mobile (170) et ladite protuberance 
dudit boitier (230) etant configures de facon a 
ce que le mouvement axial relatif entre ladite *o 
armature mobile (170) et ledit fragment a pole 
magnetique (220) provoque une variation dans 
la geometrie- dudit espace de geometrie varia- 
ble (236) entre ledit anneau radial (174) de la- 
dite armature mobile (170) et ladite protuberan- 45 
ce (231 ) dudit boitier (230); et dans laquelle 

ladite armature mobile (170) est ecartee d'une ex- 
tremite dudit fragment a pole magnetique (220) par 
un espace axial (227) qui est suffisamment impor- 50 
tant pour empecher que se cree un chemin de flux 3 
magnetique axial entre ladite armature mobile (1 70) 
et ledit fragment (220) et pour conf iner le flux ma- 
gnetique entre'ladite armature mobile (170) et ledit 
fragment (220) dans ledit chemin de derivation de 55 
flux magnetique radial et dans ledit espace de geo- 
metrie variable (236) entre ledit anneau radial (1 74) 4 
de ladite armature mobile (170) et ladite protube- 



rance dudit boitier (230). 

Assemblage de solenoide proportionnel 
comprenant : 

un boitier magnetique (230) supportant un so- 
lenoide (240) ayant une ame (245) et etant ca- 
pable de produire un champ magnetique en re- 
ponse a I'application sur lui-meme d'un cou- 
rant, et comprenant une protuberance radiale 
(231) vers I'interieur dudit boitier (230). 
un fragment a pole magnetique (220) fixe a I'in- 
terieur et ressortant d'une extremite de ladite 
ame du solenoide (245) ; et 
une armature magnetique mobile (170) posi- 
tionnee a cote d'une extremite dudit fragment 
a pole magnetique (220) ressortant de ladite 
ame du solenoide (245) et etant supportee par 
un ensemble de ressorts de suspension (190, 
191) proche de ladite extremite dudit fragment 
fixe a pole magnetique (220), pour permettre 
un mouvement axial par rapport audit fragment 
de barreau magnetique fixe, ladite armature 
mobile (170) etant configuree pour fournir un 
premier chemin de flux magnetique a faible re- 
luctance, qui traverse un espace de derivation 
radiale fixe (1 77) a ladite extremite de fragment 
a pole magnetique fixe, (220) et presentant un 
anneau radial (174) qui fournit un second che- 
min de flux magnetique traversant un espace 
de reluctance a geometrie variable (236) defini 
entre ledit anneau radial (174) se projetant de- 
puis ladite armature (170) et ladite protuberan- 
ce radiale (231) dudit boitier (230) ; et dans le- 
quel 

ladite armature magnetique mobile (170) est espa- 
cee axialement de ladite extremite dudit fragment a 
pdle magnetique (220) par un espace axial (227) 
qui est suffisamment large pour empecher que se 
cree un chemin de flux axial magnetique entre ladite 
armature mobile (170) et ledit fragment a pole (220) 
et pour limiter le flux magnetique entre ladite arma- 
ture mobile (1 70) et ledit fragment a pole (220) dans 
ledit premier chemin de flux magnetique radial et 
dans le ledit second espace de geometrie variable 
(236) entre ledit anneau radial (1 74) de ladite arma- 
ture mobile (1 70) et ladite protuberance dudit boitier 
(230). 

Assemblage de solenoide proportionnel selon la re- 
vendication 1 ou 2, dans lequel ladite partie de 
corps (173) de ladite armature mobile (170) presen- 
te un creux (1 75) dimensionne pour loger ledit frag- 
ment a pole magnetique (220). 

Assemblage de solenoide proportionnel selon I'une 
quelconque des revendications precedentes, dans 
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lequel ledtt anneau radial (174) de ladite armature 
mobile (170) presente une premiere surface effilee 
qui se projette vers et est magnetiquement couplee 
a une seconde surface effilee de ladite protuberan- 
ce (231 ) dudit boitier (230) de sorte que la transla- s 
tion axiale relative entre ladite armature mobile 
(1 70) et ledit fragment a pole magnetique (220) pro- 
voque une variation dans Tespacement desdites 
premiere et seconde surfaces eff ilees entre ledit an- 
neau radial (174) de ladite armature mobile (170) io 
et ladite protuberance (231) dudit boitier (230). 

5. Assemblage de solenoide proportionnel selon Tune 
quelconque des revendications precedentes, dans 
lequel ledit espace axial (121) est amenagS entre 15 
ladite armature mobile (1 70) et ledit fragment a pole 
magnetique, (220) en dehors de ladite ame du so- 
lenoide (245), et ladite armature mobile (170) est 
supportee, pour sa translation axiale par rapport 
audit fragment a pole magnetique, (220) au moyen 20 
d'un ensemble de ressorts de suspension plats 
(190,191) dispose dans ledit boitier (230) a un em- 
placement exterieur a ladite Sme du solenoide 
(245). 

25 

6. Assemblage de solenoide proportionnel selon Tune 
quelconque des revendications precedentes, dans 
lequel I'anneau radial eff ile (121 ) de ladite armature 
magnetique (170), se termine sur une surface de la 
partie de corps de ladite armature magnetique 30 
(170) dans laquelle un creux (175) est forme, ledit 
creux (1 75) ayant un diametre interieur supeneur a 
celui dudit fragment a pole magnetique (220). 

7. Assemblage de solenoide proportionnel selon Tune 35 
quelconque des revendications precedentes, com- 
prenant en outre une cage d'armature (160) qui est 
attachee a ladite armature magnetique (170) et qui, 

en cooperation avec ladite armature (1 70), encercle 
une region interieure dudit ensemble de ressorts de <o 
suspension (190,191). 

8. Assemblage de solenoide proportionnel selon la re- 
vendication 7, dans lequel ledit ensemble de res- 
sorts de suspension plats (1 90, 1 91 ) comprend une 45 
paire de ressorts de suspension plats espac6s 

(1 90, 1 91 ) support6e par ledit boitier (230) a un em- 
placement exterieur adjacent a une extr6mite de la- 
dite ame du solenoide (245) duquel ledit fragment 
a pole (220) ressort. so 

9. Assemblage de solenoide proportionnel selon Tune 
quelconque des revendications precedentes, dans 
lequel ladite armature mobile (170) est configured 

de telle facon que lorsque ledit solenoide (240) est 55 
alimente, le flux magnetique du champ magnetique 
resultant suit un chemin ferme au travers dudit frag- 
ment a pole (220) de ladite armature mobile (170) 



et dudit boitier (230) et comprend un chemin de de- 
rivation radial a travers ledit espace radial de faible 
reluctance magnetique (1 77) entre ledit fragment a 
pdle magnetique (220) et ladite armature mobile 
(170) et ledit espace de flux magnetique a g6ome- 
trie variable (236) entre les surfaces mutuellement 
opposees dudit anneau radial effiie (174) de ladite 
armature (130) et de ladite projection fuseiee (231 ) 
dudit boitier (230). 

10. Assemblage de solenoide proportionnel selon Tune 
quelconque des revendications precedentes, dans 
lequel ledit boitier (230) presente une premiere ex- 
tremite qui comprend un creux (234) adjacent a cel- 
le-ci, ledit creux (234) etant configure pour recevoir 
et encercler ledit ensemble de ressorts de suspen- 
sion plats (190,191). 

1 1 . Assemblage de solenoide proportionnel selon Tune 
quelconque des revendications 4 a 10, dans lequel 
ladite premiere surface fuseiee de ladite partie d'an- 
neau (174) de ladite armature mobile (170) presen- 
te une premiere pente qui est differente de la se- 
conde pente de ladite seconde surface fuseiee de 
ladite protuberance (231) dudit boitier (230). 

12. Assemblage de valve controiee par solenoide 
comprenant : 

un assemblage de solenoide proportionnel se- 
lon Tune quelconque des revendications 
precedentes ; et 

une unite de valve (10), couplee mecanique- 
ment a I'armature mobile (1 70) dudit assembla- 
ge de solenoide proportionnel et pouvant regler 
des flux de fluides entre un port d'entree de flui- 
de (101) et un port de sortie de fiuide (103). 

13. Un assemblage de valve controiee par solenoide 
selon la revendication 12, dans lequel ladite unite 
de valve (10) comprend un membre de base ayant 
une cavite a fiuide (1 31 ) couplee selon une commu- 
nication de fluides avec ledit port d'entree de fiuide 
et ledit port de sortie de fiuide (1 01 ,1 03) et compre- 
nant un sifege de valve (1 29) qui est ferme par une 
soupape de valve (140) qui est couplee a ladite ar- 
mature magnetique (170) 

1 4. Assemblage de valve controiee par solenoide selon 
la revendication 12 ou 13, comprenant en outre une 
patte axiale d'attache d'armature (210) qui est en- 
cercl6e dans une ame axiale interieure (221) dudit 
fragment a pole magnetique (220) et communique 
une force d'inclinaison pour etablir la quantite de 
force requise pour translater ladite armature (170) 
hors d'une position de fermeture de valve. 

1 5. Assemblage de valve controiee par solenoide selon 
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la revendication 12, 13 ou 14 dans lequel ladite ar- 
mature magnetique (170) possede une forme. g£- 
ne>alement cylindrique, comprenant une premiere 
partie de corps (1 73) au travers de laquelle une ame 
interieure liee ( 1 72) traverse, et une seconde partie 5 
d'anneau fuselee (174) qui entoure et est solidaire 
de ladite partie de corps (173), ladite partie d'an- 
neau fuselee (174) de ladite armature magnetique 
(170) se terminant sur un corps (176) a I'interieur 
duquel un creux (175) est forme, ledit creux (175) 10 
ayant un diametre interieur qui est legerement su- 
perieur a celui d'une extr6mite (222) dudit morceau 
de barreau magnetique (220) qui ressort de ladite 
ame du solenoTde (245). 

15 

1 6. Assemblage de valve controlee par solenoTde selon 
la revendication 1 2, 1 3 ou 1 4, dans lequel ladite par- 
tie d'anneau (174) de ladite armature (170) se pro- 
jetant depuis ladite partie de corps (173) et ladite 
partie de projection (231) dudit boTtier (230) sont 20 
configurers de telle sorte que le defacement de 
ladite armature (170), a la suite de I'application de 
courant d'energie dans ledit solenoTde, (240) cr§e 
un flux de f luide a travers ladite unite de valve (1 0) 
variant en fonction dudit courant d'energie. 25 
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FIG. 6 



18 



EP 0 894 216 B1 



175 




173-H 





190,191 



FIG. 9 



22?! A 



1 

1 



§224 

J^222 
M21 



FIG. 11 



228 
220 



I 



ll80 



F/G.0 

Qc2.2 



211 



-238 



-251 



/a 



235 



210 



262 



I 

^ 230 



231233 ^ 

;1 



237 



234 



FIG. 12 



19 



